To determine the incidence of parkinsonism in community-dwelling older adults without Parkinson disease.
autopsy rate exceeds 90%. At the time of these analyses, 3,061 participants had completed their baseline clinical assessment of parkinsonism.
To investigate incident parkinsonism, we eliminated 309 patients who did not have follow-up assessment (died before first follow-up [n 5 105] or had not reached second assessment [n 5 204]), and 703 individuals with parkinsonism, the condition of interest, and 48 treated with medications that could mimic or mask this condition (a history of PD treated with dopaminergic medications [n 5 29] or those receiving neuroleptic medications [n 5 19] ).
Assessment and categorization of parkinsonism. The annual evaluation includes a modified version of the United Parkinson's Disease Rating Scale. 3, 4 There were 26 items that assessed 4 parkinsonian signs and were summarized as a continuous global parkinsonian score (appendix e-1 at Neurology.org). 5, 6 Categories of parkinsonism, previously validated (appendix e-1), were based on the number of parkinsonian signs present. 2 A sign was present if 2 or more of their respective items had at least a score of 1 indicating a mild abnormality. Parkinsonism was present if 2 or more signs were documented. Possible parkinsonism was present if there was 1 sign and no parkinsonism if there were none. 2 Demographics and other predictors. Age, sex, and years of education were recorded at baseline interview. Global motor score summarized 10 motor performances (appendix e-1). 7 Physical activity was based on self-reported exercise. 3 A composite measure summarized 19 cognitive tests. 3 A 10-item version of the Center for Epidemiologic Studies Depression Scale assessed depressive symptoms. 3 Six items from the Neuroticism-Extraversion-Openness Personality Inventory-Revised scale assessed neuroticism. 3 Chronic health conditions included 7 self-reported health conditions, smoking, and measured body mass index (BMI). 3 Urinary incontinence and sleep quality were self-reported. 3, 8 Statistical analyses. We employed a set of discrete-time Cox proportional hazards models to examine the association of age and sex with incident parkinsonism, defined as the first instance of parkinsonism. We calculated incidence rates for 3 age strata by counting the number of incident cases in each age group and dividing by the number of person-years at risk in the age interval. Person-years from a single individual were included in more than one age stratum as appropriate. As illustrated in the figure, we employed a multistate Markov model for longitudinal data with categorical responses to assess the transitions between different categories of parkinsonism and death. This is described more fully in appendix e-1. 9,10 Then, we conducted a series of discrete-time Cox proportional hazards models to examine the associations of baseline measures of motor and cognitive function and a third group of potential risk factors with incident parkinsonism. We then added a term to determine if these associations varied with age. We examined each of these predictors alone and then together as groups of covariates to identify which predictors showed independent associations with incident parkinsonism. In a final model that included all 3 groups of predictors, we examined whether motor and cognitive function attenuated the association of potential risk factors with incident parkinsonism. If motor and cognitive function mediates the association (i.e., is a critical step in the causal chain linking risk factors to incident parkinsonism), then the effect of risk factors on incident parkinsonism should be markedly reduced. Finally, we examined whether risk factors for incident parkinsonism affected the transitions between categories of parkinsonism. A priori level of statistical significance was 0.05. Deviance tests were used to compare models with different blocks of predictors. Models were examined graphically and analytically and assumptions were judged to be adequately met. Programming was done in SAS version 9.3 (SAS Institute Inc., Cary, NC). 11 Standard protocol approvals, registrations, and patient consents. Both studies were approved by the Institutional Review Board of Rush University Medical Center. Written informed consent and an anatomic gift act for brain donation at the time of death was obtained from all study participants.
RESULTS
Parkinsonian signs at study baseline. There were 2,001 individuals without a history of PD or parkinsonism at baseline included in these analyses (ROS: 895; MAP: 1,106). More than 60% (n 5 1,215, 60.7%) had no parkinsonian signs. The remainder had only a single parkinsonian sign: 20% had signs of parkinsonian gait (n 5 399, 19.9%) and the remaining had tremor (n 5 225, 11.2%), bradykinesia (n 5 101, 5.1%), or rigidity (n 5 61, 3.1%).
Other clinical characteristics at baseline are included in table 1. At the time of incident parkinsonism, most showed 2 signs (n 5 800, 83.0%), but some showed 3 signs (n 5 142, 14.7%) or 4 signs (n 5 20, 2.1%). Parkinsonian gait (n 5 843, 87.4%) was the most common sign, which occurred in combination with one or more of the other signs.
Figure
Possible visit-to-visit transitions between categories of parkinsonism and death
The categories of parkinsonism (no, possible, and yes) are not absorbing because individuals may (1) stay the same (category directed arrow), (2) improve, or (3) worsen from visit to visit (bidirectional arrows), or (4) they may die, an absorbing state (unidirectional arrows). A multistate model can be employed to examine the probability of visit-to-visit transitions between the categories of parkinsonism or death and the relationship of risk factors to these probabilities. Transitions between categories of parkinsonism. Possible parkinsonism may represent a less severe stage of parkinsonism that may progress. 2 As illustrated in the figure, parkinsonism can improve or worsen from visit to visit. We employed a multistate model to examine the visit-to-visit transitions between the categories of parkinsonism or death (appendix e-1). 9,10 Table 2 summarizes the more than 15,000 transitions recorded for the participants included in these analyses. For each of the parkinsonism categories, participants were more likely to remain in that category at the next annual assessment than to transition to another category (e.g., 69.8% of those without parkinsonism at the previous examination remained without parkinsonism at their subsequent examination). Thus, for a total of 8,761 (56.1%) pairs of consecutive assessments, the categories remained the same. However, in the remaining 6,846 (43.9%) pairs of assessments, transition to a different category occurred, including worsening in parkinsonism (n 5 4,857, 31.1%), an improvement in parkinsonism (n 5 1,166, 7.5%), and death (823, 5.3%).
Results from the multistate model show that compared to no parkinsonism, individuals with possible parkinsonism showed a higher odds of remaining as possible parkinsonism, or progressing to parkinsonism or to death at their next assessment. Similarly, individuals with parkinsonism showed a higher odds of continued parkinsonism or death at their next assessment (table 3) .
Risk factors for incident parkinsonism. First, we examined the associations of several predictors with incident parkinsonism in a series of separate Cox proportional models adjusted for age and sex. These separate analyses showed that several measures that describe early signs of parkinsonism including a higher global parkinsonian score, a lower global motor score, less physical activity, and lower cognitive function were associated with incident parkinsonism. Risk factors for parkinsonism included more depressive symptoms and neuroticism, more sleep complaints and chronic health conditions, and more frequent urinary incontinence a Estimated odds ratios of transition to possible parkinsonism or to parkinsonism, or to death vs transition to no parkinsonism (see also appendix e-7), given the prior state being possible parkinsonism as opposed to no parkinsonism. b p , 0.05. c Estimated odds ratios of transition to possible parkinsonism, to parkinsonism, or to death vs transition to no parkinsonism (see also appendix e-7), given the prior state being parkinsonism as opposed to no parkinsonism.
(table 4, column B). These factors also predicted possible parkinsonism (table 4, column D).
Although the incidence of parkinsonism was higher in older persons, the associations of nonmotor predictors with incident parkinsonism did not vary by age. In contrast, the association of baseline global parkinsonism and motor scores varied with age at baseline (appendix e-2).
Independent predictors of early motor signs of parkinsonism. Several motor measures may be necessary to describe early manifestations of parkinsonism. 12, 13 More severe baseline global parkinsonian score, a lower global motor score, and less physical activity were associated with a higher risk of parkinsonism (table 4, column C). Next, by including all terms in a single model, we found that both global parkinsonian score and global motor score were independently associated with incident parkinsonism (appendix e-3, model 1).
Next, we examined which components of these summary motor measures predicted incident parkinsonism. All 4 parkinsonian signs were independent predictors of incident parkinsonism (appendix e-4, model 1). Dexterity and gait remained independently associated with incident parkinsonism, but not strength (appendix e-4, model 2).
Intact cognition is essential for control of volitional movement and would likely be necessary to capture early parkinsonism. Global cognition was associated with incident parkinsonism (table 4, column B). The cognitive abilities used to construct global cognition did not contribute differently to incident parkinsonism when included together in a single model (x 2 [df 5 4] 5 3.07, p 5 0.55) (appendix e-4, model 3).
Next, we examined early motor signs of parkinsonism and cognitive function together in a single model and both were independently associated with incident parkinsonism (appendix e-3, model 2). Independent risk factors for incident parkinsonism. We examined potential risk factors for parkinsonism in a single model to see which showed independent associations with incident parkinsonism. Depressive symptoms, neuroticism, and BMI showed independent associations with incident parkinsonism (appendix e-3, model 3).
In a final model, we examined whether the associations of risk factors with incident parkinsonism were attenuated when motor and cognitive functions were included with risk factors in a single model. Motor signs and cognition remained associated with incident parkinsonism. By contrast, the associations of nearly all the risk factors with incident parkinsonism were attenuated and were no longer associated with incident parkinsonism (table 4, column C). This suggests that motor and cognitive function may be a step in the causal chain linking (mediating) the association of risk factors with incident parkinsonism. This pattern was similar in all 3 age strata described above (appendix e-5). This pattern was also observed for incident possible parkinsonism (table 4, column E). Risk factors predicting incident parkinsonism also predicted incident parkinsonian gait (appendix e-6).
Risk factors and transitions between categories of parkinsonism and death. Next we examined whether the risk factors for incident parkinsonism (age, global scores for parkinsonism, motor and cognitive performance) affected the odds of transitions among the categories of parkinsonism and death. Overall, older age and poorer cognitive and motor function were associated with a higher odds of developing possible parkinsonism and parkinsonism or death (appendix e-7).
DISCUSSION In this study of older adults, almost half of the participants developed parkinsonism during follow-up. The incidence of parkinsonism increased with age, but the risk did not vary by sex. More depressive symptoms, neuroticism, and higher BMI showed independent associations with incident parkinsonism. These factors may be linked with incident parkinsonism via early motor signs of parkinsonism and cognitive function. Although parkinsonism may fluctuate over time, it is progressive in most older adults and risk factors for its incidence also increase the odds of its progression. Further work is needed to identify modifiable risk factors to decrease the development of parkinsonism in older adults.
There are currently about 40 million people over the age of 65 in the United States, and by 2030, this number is projected to increase to 70 million and the most rapid increase is projected to occur in adults older than 80. 14 In prior cross-sectional studies, estimates of the prevalence of parkinsonism have varied from 15% to up to 50% of older adults. 1, 15, 16 Prospective data providing estimates of its incidence and risk factors are crucial for the rational allocation of health resources and research efforts to decrease parkinsonism in older adults. The current study fills an important gap in our knowledge about parkinsonism by providing prospective data on age-and sex-specific incidence rates of parkinsonism in older adults without a clinical diagnosis of PD. Almost half of the participants in the current study, whose average age was about 75 at study baseline, developed parkinsonism during follow-up. Since parkinsonism increases with age, parkinsonism is likely to affect a large number of older adults over the coming decades.
Prior studies have focused on a subset of 8-10 nongait items from the Unified Parkinson's Disease Rating Scale (UPDRS) and have found that parkinsonism is common in older adults. 15, [17] [18] [19] Parkinsonism in this study was based on 26 items from the UPDRS including both gait and nongait items. 6 Parkinsonian gait was the most frequent isolated sign as well as the most common sign observed in combination with the other parkinsonian signs in individuals developing parkinsonism. These observations underscore the importance of the contribution of gait to the adverse health outcomes associated with parkinsonism. [20] [21] [22] [23] The 3-level categorical measure employed in this study categorized individuals as having parkinsonism based on the presence of 2 or more parkinsonian signs, and also categorized individuals as having possible parkinsonism when only one parkinsonian sign was present. Prior work in these cohorts suggests that possible parkinsonism may be analogous to mild cognitive impairment, a less severe and an earlier stage of impaired cognition that may progress in some individuals to dementia. 2 Transition modeling showed that while cases with possible parkinsonism have higher odds of progressing to more severe motor impairment, some may persist as mild motor signs. [24] [25] [26] [27] [28] [29] Transition modeling suggests that while parkinsonism is not an all-absorbing state, it is progressive in most older adults and its risk factors increase the odds of its progression.
The current study suggests that parkinsonism and possible parkinsonism are likely to affect large numbers of older adults. The specific motor abilities impaired in old age vary, and encompass a wide spectrum, including reduced gait speed and loss of muscle strength and bulk, balance, and dexterity as well as parkinsonism. Thus, the growing public health challenge of identifying impaired motor function in old age is complicated by the variability of its clinical expression. Moreover, currently there is no single scale that can be used to assess motor impairments. Investigators have assessed different motor abilities to document motor impairments in old age. For example, these have included sarcopenia, based on muscle strength and bulk, 30 physical frailty, based on grip strength and gait speed, 31 the parkinsonian signs score, based on signs of bradykinesia, tremor, rigidity, and parkinsonian gait, 1 and a wide range of motor performances. 32, 33 The independent contributions of impaired parkinsonian signs and motor performances in predicting incident parkinsonism in the current study extend prior studies and suggest that a wider range of motor signs, i.e., several motor instruments, may be necessary to more fully describe parkinsonism and the varied manifestations of latelife motor impairment. 12, 13, 29, 34 Since parkinsonism is associated with a wide range of adverse health outcomes and increases with age, the social and personal burden of parkinsonism will pose a growing public health problem for our aging population. 2 This underscores the importance of identifying modifiable risk factors. Although several chronic health conditions we examined were associated with incident parkinsonism when examined alone, only depressive symptoms, neuroticism, and BMI showed independent associations with incident parkinsonism. A secondary analysis lends support to the idea that the association of these factors with incident parkinsonism may be mediated by several motor measures and cognition, which may manifest early signs of parkinsonism. Further work is needed to determine whether these are risk factors as opposed to clinical manifestations of the accumulation of the diverse neuropathologies or other processes that cause parkinsonism in older adults (i.e., markers of parkinsonism rather than causal factors).
There are diverse causes for the clinical phenotype of parkinsonism in older adults. For example, medications, cerebrovascular disease, and neurodegenerative disorders can all cause clinical parkinsonism in older adults. Moreover, brain imaging and autopsy studies have reported that a wide range of age-related neuropathologies are related to parkinsonism in older adults without PD. 2, 22 Thus, the phenotypic expression of parkinsonism in an older adult is not specific for PD, but rather encompasses diverse etiologies. Moreover, the number of cases with parkinsonism in the current study is at least 2-fold to 3-fold more common than the highest reported prevalence for Lewy body pathology in older adults without a clinical diagnosis of PD. 35 It is the site rather than the type of pathology that produces parkinsonian signs. 36 Thus, clinical parkinsonism is more likely to be due to vascular pathologies, which are more common than Lewy body pathology. 2, 37 This may have important translational consequences as more aggressive and specific treatments to prevent vascular pathologies might decrease the burden of parkinsonism in older adults. Since brains from older adults commonly show several different neuropathologies, large numbers of brain samples will be needed to control for the many combinations of neuropathologies associated with parkinsonism. 37 Nonetheless, while only a minority of individuals with parkinsonism may progress to manifest traditional clinical PD, the current results may inform on growing efforts to delineate the prodromal clinical PD phenotypes. [38] [39] [40] The development of clinical risk profiles based on clinical functions, neuroimaging, genetic or biochemical biomarkers, and indices of neuropathologies are likely needed to disentangle the various etiologies underlying clinical parkinsonism in older adults.
The study has several strengths, including the community-based cohorts with large numbers of women and men that employed uniform clinical procedures. There are a number of limitations as well. The estimated incidence of parkinsonism in this study depends on the cutpoint employed for the positivity of parkinsonian signs, for which there is no secure agreement. The qualitative parkinsonian signs employed in this study lack specificity; quantitative motor measures may identify signature motor findings with more specificity for different causes of parkinsonism in older adults. 12 It is possible that some of the patients identified with parkinsonism during this study may have had undiagnosed PD. As noted above, given the high prevalence of parkinsonism in older adults, it is more likely that neuropathologies other than PD are the underlying cause of parkinsonism. 2 
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